ARPANSA Regulatory Assessment of the Replacement Reactor Construction Application

28 August 2001- Reactive Review Questions and Issues

PSAR Appendix A PSA

Question Section number and Tooi ARPANSA Comment, Issue and/or Question and
reference name opie ANSTO’s Response
PSA.L. 1. Introduction The report documents the Probabilistic Safety | The text makes no mention of Level 2 PSA considerations,

Assessment (PSA) of the Replacement
Research Reactor (RRR). The PSA is
basically a Level 1, and shows the core
damage frequency (CDF). There are some
Level 3 considerations also that indicate the
frequency and consequences of a few
sequences.

and the availability and performance of the containment is
not considered.

Response: Since the CDF was shown to be below the lowest
frequency of the ARPANSA safety objective (ie 107 pa), no
level II or III analysis was performed for these plant damage
states. For other events where the frequency was above this
objective, conservative assumptions were made about the
containment and related issues in order to obtain a
conservative estimates of the dose without the need for
detailed phenomenology of both the fuel/target melt or
damage and containment response. This demonstrates that
the RRR will meet the safety objectives. Refer to Section
7.1 of the PSA.
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PSA.2. 1.1.2 How does The Safety Analysis is in Ch.16 of the PSAR. | A key issue for both Ch.16 and the PSA is the process of
the PSA fit with It considers a range of Postulated Initiating screening out or eliminating PIES from further
the Safety Events (PIES). In the PSAR a number of consideration. This is referred in many of the following
Analysis. PIES are eliminated because their likelihood | comments on the PSA. It is noteworthy that beyond design
is low, because of plant design features that basis accidents are not considered in detail in Ch.16.
the PIE cannot credibly occur, or because the | Information should be provided on how the comparison with
consequences are bounded by other PIEs. The | the Siting Reference Accident (which is beyond design
events that remain are the Design Basis basis) has been carried out in the PSAR.
Events.
The PSA attempts to determine all the
possible combinations of how the plant could
respond to initiating events, and also looks at
beyond design basis accidents.
Response: Chapter 16 deals with BDBA in Section 16.20. It
should be noted that at this stage of the RRR project, there is
no requirement to revisit the Siting Reference Accident other
than to show that the assumptions made in it are valid. The
PSA and Chapter 16 (see also Licence Application) show
that the Siting Reference Accident was conservative for this
design.
PSA.3. 1.1.3.2 The ARPANSA frequency-dose relationship | Table 1/1 allows for both deterministic and probabilistic
Consequence. (Table 2 of the RAPs) is reproduced as Table | approaches. Since the PSA is basically a Level 1 PSA, the
1/1 of the PSA. The safety limits in Table 1/1 | approach to satisfying the frequency-dose relationship
are taken as mandatory. should be explained. Further justification is also required to
show that the total frequency of each initiator has been used
in the PSA analysis (ie that the frequency of initiators
includes those that were screened out on the basis of being
bounded by another).
Checked/Agreed: PSAR Annex A PSA page 2 of 82
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Response: ARPANSA Regulatory Assessment Principle 29
permits deterministic approach to the demonstration of
compliance with this table. PSA was used for the
determination of end state frequencies whilst a deterministic
approach was used with conservative assumptions for the
determination of consequences. This complies with the
Assessment Principles.

The CDF was shown to be below the lowest frequency of
the ARPANSA safety objective (ie 10°° pa), and therefore no
level II or III analyses were performed for these plant
damage states. For other events where the frequency was
above this objective, conservative assumptions were made
about the containment and related issues in order to obtain a
conservative estimates of the dose without the need for
detailed phenomenology of both the fuel/target melt or
damage and containment response.

In general the event frequencies were chosen conservatively
to bound a range of sequences.

PSA 4.

1.2 Objectives

A PSA is useful in quantifying risks from the
operation of a nuclear reactor, and it can also
be a useful design aid to estimate risk
reduction benefits from changes. The PSA
undertaken is full scope and covers internal
events, external hazards, internal hazards and
human factors. The PSA has been run in
parallel with the design and has been an input
into the design process.

The objectives of the PSA look satisfactory, and its input
into the design process is a good practice. However, it is the
detail modelling and assumptions that matter and this review
raises a number of matters.

Response: Comment noted.

Checked/Agreed:
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PSA.S. 1.3 Scope The scope of the PSA is Level 1, with certain | The PSA Level 3 considerations are not extensive since

Level 3 considerations. There is no
examination of Level 2 associated with the
phenomenology of release, transport and
deposition of radioactive materials within the
containment. The consequence analysis that is
undertaken shows that there is no design
basis, or credible beyond design basis
accident that exceeds 5 mSyv to the critical
group (at the 1.6km exclusion zone)

there is no detailed consideration of the Level 2 aspects,
other than what was used in the Siting Reference Accident.
Justification of the claims for no credible beyond design
basis accident exceeding 5 mSv will be an important issue.

Response: Comment noted. As indicated in response to
Question PSA.3, the level II and III considerations were
treated largely deterministically with conservative
assumptions. This is a valid approach.

The core damage frequency has been shown to be less than
10 pa, including external events with seismic to the
100,000 year return period. It is a valid and common
practice to interpret plant damage states having frequency
below 107 pa as "not credible" and not to analyse
consequences when the summed frequency is below 10 pa.

In the FSAR stage, the cut-offs, and screening assumptions
will be reviewed and documented.

Checked/Agreed:
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PSA.6. 1.4 Method of The Source and Event Analysis (SEA) The screening out process using the SEA method is an

Identification and
Selection of
Initiating Events

method was used to identify and select the
initiating events. The SEA method has a
number of criteria ((a) to (e)), and a large list
of failure mechanisms and initiating events is
generated. A screening process is performed
at each step to screen out events which make
a negligible contribution to risk.

important issue. Low frequency events screened out in an
initial cut set may become important if the bottom line CDF
values are as low as 107 to 10 per year. These low
frequency events may be associated with Level 2
phenomenology that could increase the release and
consequences.

Response: It was recognised that early screening did
remove events that were later shown not to be insignificant
against the low value of CDF. For this reason, a
reassessment was made and two events that had been
screened out were "reinstated" — these were the large
aircraft crash and military shelling events (Refer to Section
7.5 of PSA). Nevertheless, the screening will be reviewed
again at the FSAR stage, and the screening assumptions
documented.

Consequence analysis is not required for such low frequency
events, since compliance with the safety objective is already
clear (because the frequency is below 107 pa).

Checked/Agreed:
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PSA.7. 1.5 Analysis The SAPHIRE (INEL) package was used for | The information on plant and human reliability comes from
Methods the RRR PSA. It follows the standard practice | a number of sources, primarily the IAEA database and the
of developing an Interference Matrix, Fault HIFAR PSA. The applicability of this data to the RRR,
Trees and Event Trees. An uncertainty particularly where there are novel designs is important. This
analysis is also part of the SAPHIRE package | is raised later in this review with respect to specific
and the results are presented as mean, 5% components and systems.
confidence levels and 95% confidence levels.
Importance measures are also estimated using
the Fussel-Vessely importance estimation.
Response: The RRRP is a reactor which is at the completion
of the preliminary engineering phase. Whilst it is desirable
to have plant specific data, it is not possible for a reactor that
is at this stage. The estimates used are the best available at
this stage and come from an internationally recognised
source.
PSA.8. 1.6 Dependent Three types of dependent failures considered | The approach to dependent failures is comprehensive.

Failures Analysis

in the PSA:
Functional dependencies between systems

Dependencies or common causes between
basic events

Dynamic human interactions

The functional dependencies are treated
explicitly in the fault trees. Three types of
common cause effects were modelled as
human errors; design errors, maintenance
errors and test, calibration and inspection
errors

However, a major factor that emerges later in this review is
the reliability given to humans in design, maintenance and
testing. In regards to maintenance and inspection the
justification for treating human reliability actions as
independent should be explained.

Checked/Agreed:
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Response: In all cases where they appear together, the
maintenance and testing human error events appear in fault
trees in OR gates (not AND gates). In such situations, the
assumption of independence is the more conservative. This
covers the case within systems. See also response to
Question PSA.72.
The assumption was made that there is no dependency of the
human errors between or amongst systems. No credible
scenario was identified for such dependencies because there
are no similar HEM or HET events shared amongst systems.
The maintenance and testing procedures will be drafted in a
way that the hypothesis made in the PSA are valid.
PSA.9. 1.7 Safety The Level 3 safety objectives in terms of dose | The objectives are consistent with the ARPANSA RAPs
Objectives and consequences are shown in Table 1/1 and | principles. The approach used to provide compliance with
Figurel/1. The Level 1 objectives are taken the frequency-dose criteria requires further explanation.
from the RAPs (principles 38 and 32.). witha | (SAME AS QUESTION 3)
CDF of 10™ per year, and a reactor shutdown
likelihood of 10~ per demand.
Response: See response to Question PSA.3
PSA.10. 2.1 Human The THERP or Technique for Human Error A major factor that emerges later in this review is the
Reliability Rate Prediction was used. It deals with errors | reliability given to humans in design, maintenance and
Analysis of operation , test, maintenance or calibration. | testing. In regards to maintenance and inspection the

Unavailability continues until it is revealed by
component not being operative or by other
changes.

justification for treating human reliability actions as
independent should be given.

Response: See response to Question PSA.8.

Checked/Agreed:
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PSA.11. 2.2.1 Common Type D common cause failure represents a The reliability value (D CCF=6.65*10) requires
Cause Design hidden design flaw in a set of identical justification. The assumption that all checks and reviews are
Failure components. There are a number of independent, that they are performed within a QA system,
assumptions embedded in the estimation, such | and the performance tests are realistic may not be true. The
as design checks, design reviews, relevance of the ETRR.2 experience with key components
performance of a Failure Modes and Effects such as “Flap valves” should be considered in this context.
(FMEA) analysis. It is also assumed that the
component all of the above is within a QA
system. The scheme is shown in Fig. 2/1.
Response: Different design teams work on different systems.
Design, manufacture and testing has and will take place in
accordance with the INVAP QA system.
Operational, maintenance and safety culture experience at
ETRR-2 has been considered but is not indicative of
operations at ANSTO.
Comparison of the Human reliability method of estimating
dependencies with other widely used methods show
differences, but the comparison showed a similar overall
effect on the systems. For example in the FSS, the adopted
method corresponds to a beta factor of 3.3x107/(4.0x10”
°+3.3x107)=0.45.
Checked/Agreed: PSAR Annex A PSA page 8 of 82
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PSA.12.

2.2.2 Common
Cause
Maintenance
Failure

Type M common cause failure represents an
unrecognised failure caused during
maintenance. There are a number of
assumptions embedded in the estimation, such
as a correct written maintenance procedure
and that the tasks are supervised. The above
tasks are also assumed to be within an
operational QA system. The model is shown
in Fig.2.2.

The reliability value M CCF=1.1*10" requires justification.
Reviews of abnormal occurrences or defects would indicate
that maintenance errors are not infrequent, and are likely to
effect common systems.

Response: Maintenance will take place in accordance with
the ANSTO QA system for the RRR.

Typical HET and HEM values were estimated based on
certain assumptions, which are considered to be valid for
maintenance and testing work on safety related equipment in
a nuclear reactor.

Comparison of the Human reliability method of estimating
dependencies with other methods showed differences, but
overall the comparison showed a similar overall effect on
the systems. For example in the compressed air supply
system (Figure 4/9) the corresponding beta factor for the
compressor failure is 1.1x107/(2.4x107 + 1.1x10~) = 0.04.
For other cases the corresponding beta factor is much higher
(> 0.5).

This issue is clearly important and detailed analyses of the
human error probabilities will be made during the detail
engineering phase.

Checked/Agreed:
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PSA.13. 2.2.3 Common Type T common cause failure represents an The reliability value M-CCF=1.1*¥10" requires justification.
Cause Test Failure | unrecognised failure caused during test or A whole range of maintenance tasks, from small to large
calibration. There are a number of may be done, and there may not be a need for a test
assumptions embedded in the estimation, a recognised, or as often is the case there is no “realistic” test
written and correct test procedure exists and | possible. It is possible that the tests may be carried out by
that the tests are supervised. The above tests | the maintenance person, so there is not necessarily
are also assumed to be performed within an independence between maintenance tasks and tests.
operational QA system. The model is shown
in Fig 2.3.
Response: Testing will take place in accordance with the
ANSTO QA system for the RRR.
See also response to Question PSA.12.
PSA.14. 2.3 Human Error | Table 2/1 is based on the type D, M and T See above comments on the need for justification of the D,
Probability Data human failure probability estimates. The M and T values derived.
information is used for a range of human
actions that fed directly into the event trees
Response: Please see responses to Questions PSA.11, 12
and 13.
PSA.15. 3.1 Internal The Source and Event Analysis (SEA) The SEA has focussed on core damage since it is a Level 1
Initiating Events identifies all relevant potential radioactive PSA. The treatment of the containment, or the electrical
sources, the barriers that contain them, and power supply availability should be further explained in that
failure mechanisms that may cause failure. context.
Checked/Agreed: PSAR Annex A PSA page 10 of 82
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Response: The statement that the SEA has focussed on core
damage is incorrect. Core damage is typically the prime
issue in PSA of nuclear reactors. However all sources of
radioactive material that could potentially cause a dose to a
member of the public were considered in the PSA. Please
refer to Sections 3.1.1 and 3.1.2.
Containment failure would not constitute an initiating event.
Containment was considered in this PSA although not in a
detailed way, rather in a simplified but conservative
treatment (see also responses to Questions PSA.1 and 3).
The PSA is more than Level I but does not claim to be Level
II or Level III; rather, it is Level I with some Level 111
considerations.
Loss of electric power is an initiator (B2) in the PSA.
PSA.16. 3.1.2 Barriers A number of mechanisms are identified that The screening out of these uncontrolled power increase
Failure involve erroneous withdrawal of control rods, | mechanisms is sometimes based on judgements and not
Mechanism— extraction or ejection control rods, reflector analysis. These judgements should be further justified.
Uncontrolled heavy water ejection, inadvertent refill of the
power increase. reflector tank, cold water injection and
radioisotope production rigs. All of the
mechanisms for uncontrolled power other
than single control rod removal are screened
out.
Checked/Agreed: PSAR Annex A PSA page 11 of 82
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Response: It is recognised that the validity of the screening
out of some events will have to be confirmed by additional
analysis. This will be included at the completion of the
detail engineering phase. However, at this stage it is
difficult to conceive failure modes where bank withdrawal
of control rods could occur. (Refer to Chapter 5, Section
5.5.2.8 and Chapter 16, Sections 16.8.3.2 and 16.8.3.4 of
PSAR and response to Question 8.72).

PSA.17. 3.1.2 Barriers Two events are covered in the PSA, namely There is no consideration of operation at low power (say
Failure A1 single rod removal at start up, and A2 100kw), when many of the First Reactor Protection System
Mechanism— single rod removal at full power. (FRPS) and Second Reactor Protection System (SRPS)
Uncontrolled parameters may not be enabled. This mode of operation
power increase. should be modelled in the PSA, since it could be associated

with a fresh fuel load

Response: It should be noted that at low power a number of
trips are available e.g. high neutron flux for both FRPS and
SRPS and small reactor period for FRPS. For a fresh core
load there are three start-up high-flux channels connected to
the FRPS. Low power mode modelling will be performed
and will be provided to ARPANSA.

PSA.18. 3.1.2 Barriers Two events are covered in the PSA, namely The failure of the FSS in an earthquake should be
Failure A1 single rod removal at start up, and A2 considered. Justification should be provided that the
Mechanism— single rod removal at full power. shearing of the CRD anchorages within the CRR will not
Uncontrolled allow the base to deflect and distort preventing the five rods
power increase. from dropping into the core

Checked/Agreed: PSAR Annex A PSA page 12 of 82
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Response: Seismically induced failure of the individual
control rods is included in the seismic model. However, it
was assumed that the design of the CRD tables and anchors
is such that multiple failure of rods to insert is not credible.
Note that the consideration of an earthquake in conjunction
with an A1 or A2 event is not credible.

The failure of the FSS has been considered in the PSA in the
form of the fragility curves used for earthquakes in excess of
the SL-2 level. The FSS itself is a Seismic Class 1 (ref
Chapter 2, Table 2.5/2 of PSAR) system that is designed to
remain operational for earthquakes up to the SL-2 level.
Ongoing work on the deflection of the CRD indicates that
the system will remain operational (ie the CRs will drop into
the core) for earthquakes in excess of the SL-2 level. This
will be confirmed by the detailed seismic modelling and
suitable tests will be devised.

PSA.19.

3.1.2 Barriers
Failure
Mechanism—
Uncontrolled
power increase.

Two events are covered in the PSA, namely
A1 single rod removal at start up, and A2
single rod removal at full power.

Analysis needs to be provided to justify the screening out of
the event "cold water injection into the core" The same
comment is relevant to the screening out of temperature,
degradation and refill effects within the Reflector Tank

Checked/Agreed:
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Response: Two possible mechanisms have been identified
for injection of cold water into the core: actuation of the
EMWS and start up of the stand by PCS pump. The EMWS
(See Chapter 6, Section 6.7 of the PSAR) is a passive system
that injects water via the opening of a float valve in each
branch when the pool water reaches a pre-set level. In the
unlikely event that this valve opened during normal
operation, the pressure inside the PCS piping would prevent
injection of cold water from the EMWS storage tanks.
During low power operation this event is bounded by the
event of the start up of a PCS pump. Regarding the start up
of the standby PCS pump, this is prevented by an interlock,
both during full power and low power operation. Start up of
a pump during full power and low power operations (worst
possible case with sudden injection of 1000 m’/h) results in
a reactivity insertion of 0.5 $ (359 pcm), with a ramp of 3.9
$/s. This insertion results in a very mild transient bounded
by the start up accident presented in Chapter 16, Sections
16.8.3.1 and 16.8.7.3 of the PSAR.

Reflector tank refill is via a small peristaltic pump. This
pump is not physically capable of injecting D,O at a rate
sufficient to cause a reactivity insertion with a significant
ramp. Refer to Chapter 16, Section 16.8.5.1 of the PSAR.

PSA.20.

3.1.2 Barriers
Failure
Mechanism—
Uncontrolled
power increase.

Two events are covered in the PSA, namely
Al single rod removal at start up, and A2
single rod removal at full power.

Analysis needs to be provided to justify the screening out of
the event "Inadvertent fast withdrawal of an irradiation can".
The possibility of simultaneous ejection of more than one
target (each worth 240 PCM), up to the maximum number
of such rigs installed needs to be addressed.

Checked/Agreed:
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Response: The same issue as Question PSA.19. These
events were not screened out due to frequency consideration,
but due to reactivity insertion rate consideration.

Each can is only 40 pcm. The analysis was performed for
240 pcm (equivalent to the simultaneous withdrawal of 6
cans or one can with a large overload). Refer to Chapter 16,
Section 16.8.3.6 of PSAR and Section 3.1.2 of the PSA.

That said, it should be noted that the mechanical design of
the pneumatic target load/unload controller prevents the

simultaneous withdrawal of more than one target at any one
time (see Chapter 11, Section 11.4.2 of the PSAR).

PSA.21.

3.1.2 Barriers
Failure
Mechanism—
Uncontrolled
reduction of heat
removal.

A number of mechanisms that involve
uncontrolled reduction of heat removal are
described. These include core bypass, loss of
power, primary pump failure, blockage in
piping or heat exchanger, fuel channel
blockage. Five scenarios are identified, B1,
B2, B3, B4 and B5. To cover these loss of
heat removal capacity.

A number of mechanisms for flow bypass are described, but
only B1-pipe rupture and flap valve opening is in the event
trees. The other mechanisms, such as flap valve failure,
check valve failure should be considered since they may
increase the frequency of Bl

Response: The text (Section 3.1.2 of the PSA) explains that
no credible scenario for spurious opening of the flap valves
could be postulated, yet it could not be argued that the
frequency would be less than the frequency of rupture of a
section of pipe. Therefore, flap valve spuriously opening
was assigned the same frequency as that of rupture of a
section of pipe and was included in the frequency of B1. As
to bypass by spurious opening of the standby pump isolation
check valves, this is also explained in Section 3.1.2. The

Checked/Agreed:
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situation in the PCS is rather different than in the RSPCS
(see Figure 3/11 of the PSA). For the PCS, each line with a
pump has, besides the check valve, a pair of butterfly block
valves. The line that is not in use will be blocked with one or
two of these valves, because there is no operation of this
branch in any situation. For the next cycle, another pump
line will be blocked and so on. This is going to be assured
by procedure. Therefore, the possibility of a flow reduction
due to bypass implies two serial events, a procedure
breaking and a check valve failure. Its contribution to the
overall event B2 will be small providing the check valves
are tested at least twice each year. At least one of these
defences must be functional at start up for power (forced
circulation) mode because otherwise the required flow
would not be available, and an interlock on low flow or low
pressure drop will trip the FSS. If a longer test interval is
adopted, the frequency of this event might need to be
increased as is suggested. This will be reviewed at the FSAR
stage.

PSA.22.

3.1.2 Barriers
Failure
Mechanism—
Uncontrolled
reduction of heat
removal.

Event B4 is associated with the closure of a
primary cooling system isolation valve.

If closed during maintenance, the closure of the valve would
be revealed before the reactor was taken to power. It should
be established that the valves are not motorised and cannot
be remotely operated.

Checked/Agreed:
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Response: The PCS isolation valves are manually operated
butterfly valves. Actuation is only by local manual action.
Refer to Chapter 6, Section 6.2.5 and Chapter 16, Section
16.9.2.2.1 of the PSAR. The valves cannot be operated
remotely.

PSA.23. 3.1.2 Barriers
Failure
Mechanism—
Uncontrolled
reduction of heat
removal.

The coverage of flow transients is adequate, but it needs to
be established that loss of flow transients without operation
of the FSS is modelled in the PSAR. An important question
is the confidence in the thermal hydraulic and nuclear
modelling of the core behaviour (Ch.16 of the PSAR) in the
time it takes the SSS to be effective.

Response: This has been modelled in Chapter 16 of the
PSAR. Full credit had been given in the PSA for the SSS,
because it is shown in the analysis, that the SRPS/SSS is
adequate for all design basis initiators.

PSA.24. 3.1.2 Barriers
Failure
Mechanism—Loss
of Coolant

Accidents
(LOCA)

LOCAs are a possible source of losing the
cooling capabilities of the core. They may
also degrade the pool coolant as a barrier to
contain the radioactive materials that come
from the core. The LOCAs considered are
PCS pipework rupture, neutron beam breach,
and control rod mechanism breach.

The failure of the neutron beam tubes and control rod drives
have been screened out. The number of such penetrations is
significant (5 beam tubes, 16 fuel element assemblies, 5 CR
assemblies, Reflector Tank Drain line, and instrumentation
lines. In view of the numbers involved and the fact that they
are not protected by the siphon breaks, the justification for
the screening out should be provided. For penetrations into
the CRR there is a dependence on the integrity of the CRR.

Checked/Agreed:
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Response: As explained in the PSA (Section 3.1.2 pp 3-10 -
3-11), these events were screened out for the following
reasons. Penetrations into the Control Rod Drive Room are
by double seals in an assembly around the rod or FA
attachment. If these seals were to fail catastrophically, there
would still only be a very small flow annulus. The Control
Rod Drive Room has a sealed door, which must be shut
while the reactor is at power. These features are fully
described in the PSAR (Chapter 4, Section 4.5 and Chapter
16, Section 16.11).

The neutron beam tubes are high integrity systems with two
complete barriers. These are described in the PSAR
(Chapter 4, Section 4.5, Chapter 11, Section 11.5.1.4 and
Chapter 16, Section 16.15). The design will ensure that
catastrophic failure is incredible.

PSA.25.

3.1.2 Barriers
Failure
Mechanism—Loss
of Coolant
Accidents
(LOCA)

LOCAs are a possible source of losing the
cooling capabilities of the core. They may
also degrade the pool coolant as a barrier to
contain the radioactive materials that come
from the core.

Inadvertent drainage of the pool to the drain tank has not
been considered. There is a provision for this in order to
facilitate inspection of the Reactor Pool. The arrangements
for draining should be examined to ensure the pool is not
vulnerable to failure of the drainage pipework.

Response: There is no drain line from the Reactor Pool to
the refilling pool so inadvertent drainage is not possible. A
submersible pump in the pool is required to drain the pool.
This pump discharges to the pool overflow channel from
where it drains via the RPHWLS expansion tank to the
refilling pool at Level -7. Please refer to Chapter 4, Section
4.5.1.5.2.2 and Chapter 12, Section 12.4.5.3.4 of the PSAR.
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PSA.26. 3.1.2 Barriers There are several potential mechanisms that Justification for screening out the failed cladding from any
Failure may cause failure of a single fuel element. of the above mechanisms should be provided, even though
Mechanism—Fuel | Those considered are; mechanical damage, the consequences are low and there is no likelihood of
Element Failure or | manufacturing failure, and corrosion. All of significant core damage. A comparison with the HIFAR
Damage) these are screened out of consideration in the | PSA indicates that more fuel damage mechanisms have been

PSA. considered.
Response: Failed cladding in a pool reactor does not result in
a dose to the public. The screening out of these events is
consistent with the SEA method.
The SEA method was systematic and comprehensive.
HIFAR is a different type of reactor. Comparison with
HIFAR PIEs may not be meaningful. Analysis of many
postulated fuel damage mechanisms following the HIFAR
PSA showed that there would be no significant
consequences. Mechanical fuel damage is analysed in
Chapter 16, Section 16.13.

PSA.27. 3.1.2 Barriers The dropping of heavy objects onto the fuel in | There is a possibility of dropping objects into the core
Failure the core is judged not to be credible in normal | during shutdown, and possibly during low power operation.
Mechanism—Fuel | operation since a grid protects the core from The PSA should include coverage of shutdown and low
Element Failure or | any falling object. power operation.

Damage)
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Response: The chance of dropping objects may be slightly
higher during shutdown, but the core is no more vulnerable
at this time except during refuelling when the grid will be
removed. For major shutdowns, the fuel would be removed
from the core. Low power operation mode is carried out
with the protective grid in place.

Regarding the shutdown state, the geometry of the core and
fuel assemblies (control plates guide boxes, handling pin,
lateral plates) makes direct damage to the fuel plates highly
unlikely. Damage to a plate or several plates would lead to a
decrease in cooling arising from the reduction inflow area.
No mechanism is envisaged that could cause a generalised
damage to the core.

PSA.28.

3.1.2 Barriers
Failure

Mechanism—
Irradiated fuel
Assemblies in
Services Pool.

Up to 10 years of spent fuel will be stored in
the Services Pool. These elements are
shielded and cooled by the pool water. The
potential mechanisms for fuel damage are:
criticality in fuel storage, mechanical damage,
corrosion, and failure to remove decay heat.
Only mechanical damage (event E1 ) is
treated in the PSA

The exclusion of criticality needs justification, since there is
a need to consider the dropping of heavy loads onto the
stored fuel, as well as potential spill of elements during
spent fuel transfer or from a failure of the racks.
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Response: The racks will be of solid construction able to
withstand dropped assemblies without damage. The moving
of heavy loads over the racks will be controlled by
administrative procedures.

The crane will have an interlock to prevent it from travelling
above the reactor pool during manipulation of the spent fuel
transport cask (see Chapter 4, Section 4.5.2.1.4 of the
PSAR)

Radioisotope/silicon operations do not require movement of
materials over the spent fuel storage racks.

If a rack were crushed, it is unlikely that the cadmium lining
which provides engineered protection from inadvertent
criticality could be removed. Therefore inadvertent
criticality due to such an event is considered incredible.

PSA.29.

3.1.2 Barriers
Failure

Mechanism—
Irradiated fuel
Assemblies in
Reactor Pool.

After refuelling the fuel assemblies will be
stored in storage racks inside the reactor pool
for at least 15 days to remove decay heat. The
potential mechanisms for damage are:
criticality, mechanical damage, corrosion, and
failure to remove decay heat. Only
mechanical failure (E2) is considered in the
PSA.

The exclusion of criticality needs justification, since there is
a need to consider the dropping of heavy loads onto the
stored fuel, as well as potential spill of elements. More
information is also needed on the cooling of the spent fuel if
circulation is lost, or the fuel is exposed during a LOCA that
drains the pool, but not the core (Credit to Chimney).
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Response: The racks will be of solid construction able to
withstand dropped assemblies without damage.

The spent fuel storage racks in both the reactor pool and the
service pool incorporate cadmium within the storage racks’
structure. This ensures that even in the unlikely event of
crushing of the storage racks, criticality will not be achieved.

Regarding the cooling of spent fuel, it should be noted that
the fuel is “ever-safe” approximately 15 days after being
removed from the core. Exposure to the air after this time
does not result in over-heating or damage to the fuel.

The spent fuel storage racks within the reactor pool are
mounted on the base of the pool such that the top of the
active part of the FA is at +1004mm. This is 147 mm below
the lowest level of the neutron beam tubes and as such,
would remain covered even in the event of a LOCA through
one of the beam tubes

See Chapter 10, Section 10.1, Figure 10.1/6 of the PSAR.

PSA.30.

3.1.2 Barriers
Failure

Mechanism—
Irradiated fuel
Assemblies in
Reactor Pool.

The PSA should look at potential mechanisms for pulling a
hot spent fuel assembly out of the pool, into the transfer hot
cell.

Checked/Agreed:

PSAR Annex A PSA page 22 of 82




ARPANSA Regulatory Assessment of the Replacement Reactor Construction Application

28 August 2001- Reactive Review Questions and Issues

PSAR Appendix A PSA

Question
reference

Section number and
name

Topic

ARPANSA Comment, Issue and/or Question and
ANSTO’s Response

Response: This was discussed in page 3-13 point (i) of the
PSA report. Removal into the hot cell is not possible due to
the physical design of the elevator.

Such an incident, with consequences to the public, has not
occurred in a pool-type reactor,.

Also, there is an interlock that inhibits the transport of
irradiated material from the pool into the hot cell due to high
activity.

The provision of such interlock will be included in Chapter
11 in the FSAR.

See Chapter 16, Sections 16.15.2.1 and 16.9.4 of the PSAR.

PSA.31.

3.1.2 Barriers
Failure
Mechanism—
Heavy Water

The heavy water in the Reflector Tank may
contain significant amounts of radioactive
material. It does not contribute to core
damage. The damage mechanisms are:

Dropped load on Reflector Tank causing a
breach, leakage in the pipework system and
spurious opening of expansion tank safety
valve.

Only the leakage considered in the PSA (F).

A check is needed of Ch.16 PSAR to see if the reactivity
effects of mixing heavy and light water in the Reflector
Tank has been considered. A breach also introduces a
mechanism for draining the pool water through the Reflector
Tank dump system.
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Response: A mixture of light and heavy water is less
reactive than pure heavy water (see Chapter 5, Section
5.7.5.5.3 of the PSAR on neutronic efficiency of DO as a
function of its purity).
The reflector tank dump system is sealed except for the
header tank. Hence, a breach in the reflector tank would not
be a means of draining the pool.

PSA.32. 3.1.2 Barriers Some radioactive materials in the irradiation | The consequences of an uncontrolled power increase on the
Failure rigs have the potential to release radioactivity. | irradiation targets should be considered in the PSAR. The
Mechanism— The mechanisms are; uncontrolled power consequences may not be bounded by A1 and A2.
Irradiated increase, loss of flow blockage of a rig
Materials in the channel, total loss of flow, and loss of cooling
Irradiation in transit to the Hot Cells. Three events are
Facilities considered G1, G2 and G3, but the

uncontrolled power increase is not
considered.
Response: Al and A2 are uncontrolled power increases that
are considered to be the most severe. Chapter 16, Section
16.8 of the PSAR includes rig/targets cooling effects. See
Figure 16.8/5b.
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PSA.33. 3.2 External Each external hazard was identified and The screening criteria used for not considering some
Initiating Events screening criteria were used as follows: external events should be justified. This becomes more
Event of lesser or equal damage potential to important if the bottom line CDF is in the range
events for which plant designed. 107 to 10°® per year, since rare external events become more
The event has a significantly lower frequency | important at this frequency range.
of occurrence than other events with similar
consequences.
The event cannot occur close enough to the
plant to affect it.
The event is included in the definition of
another event
Response: The screening criteria used are based on [AEA
guidance set out in their Safety Series. International practice
is to utilise a frequency cut-off for external events of 10 to
107 per year with seismic events not being considered below
10 per year. Please see CSNI Report No. 177,
‘Consideration of Quantitative Safety Guidelines in Member
Countries’, OECD/NEA October 1990. Such events satisfy
the ARPANSA dose-frequency criteria without the need to
consider consequences.
PSA.34. 3.2.1 Aircraft The probability of an aircraft crashing is give | There is a need to consider the aircraft crash contribute if the

Crashes

in the HIFAR PSA (section 6.3). It is
estimated to be 1.8*%107 per year. It is a
design requirement that the reactor facility
buildings and structures be capable of
withstanding the crash of a light aircraft
without damaging the reactor.

bottom line CDF is in the range 107 to 10 pear year. Rare
external events, such as aircraft crash, become more
important at this frequency range.
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Response: Please see response to Question PSA.33.
PSA.35. 3.2.2 Bushfire ANSTO emergency preparedness A bush fire is a frequent external event at the LHSTC, with a
arrangements and calculations (Beattie) have | frequency of 10™" in the area. While a bush fire may not
been used to argue that a bushfire cannot threaten the reactor building, it could effect essential
damage the reactor. Bushfires are not services such as water and electricity, and require the sealing
considered in the PSA. of the containment to prevent sucking in smoke and fire
embers.
Response: The appropriate response to bush fires will be
determined in the detail engineering phase. It is expected
that the same approach will be adopted as for HIFAR. That
is, a precautionary shutdown of the reactor which can then
be safely maintained in a cooled condition without power,
air or water supplies (See Chapter 16, Section 16.17 of the
PSAR).
PSA.36. 3.2.3 Industrial The review in the HIFAR PSA indicated that | If the bottom line CDF is in the range 107 to 10 per year
Activities there are no industrial activities that posed a | justification for exclusion of consideration of such rare
hazard to the reactor. external events is required.
Response: please see response to Question PSA.33.
PSA.37. 3.2.4 Military The Holsworthy Military Training Area is If the bottom line CDF is in the range 107 to 10 per year,
Activities close to the LHSTC. The analysis in the justification for exclusion of consideration of such rare
HIFAR PSA show that the frequency of a external events is required.
shell hitting the RCB is estimated to be less
than 10”7 per year. Due the low frequency the
military activity was screened out.
Response: please see response to Question PSA.33
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PSA.38. 3.2.6 On-site The results of the HIFAR PSA indicated that | There are activities associated with radioactive materials in
Activities there are no potential threats to HIFAR buildings 23 and 54, that could threaten the HIFAR and
habitability from activities at the LHSTC in RRR habitability and require evacuation to the Emergency
general. It is stated that the HIFAR Safety Control Room. The reactor would need to be shutdown. It is
Document (HSD) and HIFAR PSA has not not correct to say the HIFAR PSA or HSD has not identified
identified an sequences that could impact on | core damage sequences. The HIFAR PSA has estimated the
the safety of the HIFAR core. HIFAR CDF as about 2.6*10™ per year, which is
significantly greater than the RRR CDF estimate.
Response: The potential for accidents in Buildings 23 and
54 that could threaten the habitability of the Main Control
Room of the Replacement Reactor is considered very small.
The MCR is well shielded. In the highly unlikely event that
the MCR were to require evacuation, sufficient warning
would be available to ensure the timely shutdown of the
reactor and its continued cooling. Accidents in other
buildings on the Lucas Heights site are not considered to
pose a risk to the safety of the reactor.
PSA.39. 3.2.7 Extreme The RRR will be provided with a massive If the bottom line CDF is in the range 107 to 10™ per year

Winds

containment structure, and all the critical
components will be located within the
containment. Extreme winds not included in
the PSA.

justification for exclusion of consideration of such rare
external events is required.

Response: Please see response to Question PSA.33.
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PSA.40. 3.2.8 Seismic The seismic hazard at LHSTC was re- It is noteworthy that the IGNS response seismic hazard
Activity assessed as a follow up to the HIFAR PSA by | curve has been used in the PSA , but normalised to 0.3g
IGNS. The IGNS report and the peer reviews | PGA. The design (Ch.4 of the PSAR) uses the US NRC
of it resulted in a peak ground acceleration of | RG1-60, normalised to 0.3 PGA).
0.3 g for SL-1 2 and a 0.09g for SL-1 (see fig
3/21).
Response: 1t is standard practice in PSA to use the PHGA as
the parameter of fragility. This is because the design takes
account of the spectrum at each return period.
PSA.41. 3.2.8.3 Seismic The seismic hazard is considered as the The treatment of seismicity in the PSA is important since it

Analysis

initiator of several possible accident
sequences , such as LOCAs and loss of flow
accidents (LOFA). Structures systems and
components (SSC) important to safety have
been designed at Seismic Category 1 and their
seismic fragilities estimated.

could be a mechanism for common cause failure of
shutdown systems (FSS and SSS), coinciding with a LOFA
and a LOCA. Consideration will need to be given to seismic
qualification of key components involved in shutting down
the reactor and removing decay heat.

Response: All Seismic Class 1 items (listed in Chapter 2,
Table 2.5/2 of the PSAR) will be seismically qualified to the
SL-2.
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PSA.42. 3.2.8.4 Fragility The seismic fragility of a component is While it is a useful source of information on HCPLF and the
and Component expressed as the conditional probability of a associated Beta factors the HIFAR PSA is specific to
Failure Probability | failure for a given peak ground acceleration. HIFAR SSC. RRR specific Beta factors should be

A log normal distribution is used. A quantity | determined since they are both component and site specific.

of some interest is denoted the HCLPF (high

confidence of low probability of failure). It is

the value for which there is a 95% confidence

that there is no greater than a 5% chance of

failure. The HCLPF values used were

generally taken from the HIFAR PSA
Response: The selected values of Br and By are reasonable
for this analysis at the end of the preliminary engineering
stage. These parameters will be reviewed in the FSAR
stage.

PSA.43. 3.2.9 Conclusions | No significant credible external initiators The treatment of external events and their screening out has
on external gave been screened out. After examination been discussed above. A whole range of external events has
initiators only seismic events included. been screened out, and thus will have no contribution to the

low CDF estimated (107 to 10 per year). The following
have been excluded from consideration in the PSA: bushfire,
internal fire, internal flooding, on and off-site industrial
activities, transportation, and extreme winds. Only
seismicity is considered. The HIFAR PSA had considered
all of these.
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Response: HIFAR is reliant on external services to ensure
continued cooling of the core following shutdown. The
HIFAR PSA investigated the potential for these to fail. In
the case of the RRR, no external services are necessary to
ensure the safe shutdown of the reactor and continued
cooling of the core and rigs.

Moreover, internal fire and internal flooding are not external
initiators.

PSA .44.

3.3 Selection and
Grouping of
Initiating Events

Table 3./1 lists the initiating events
considered . The sequences contributing to
CDF are two reactivity transients, five loss of
flow accidents, three loss of coolant
accidents, and a loss of heat sink. Seismic
events are also considered as a CDF
contributor.

The list in Table 3.1 is a result of a screening process
described above. The justification for excluding events,
which were contributors to the HIFAR PSA, should be
provided.

Response: The determination of initiating events was based
upon IAEA guidance together with consideration of the
design of the RRR. HIFAR is different from the RRR and
not all HIFAR initiators are relevant to the RRR. See
responses to Questions PSA.33 and PSA.43.
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PSA.45.

3.3 Selection and
Grouping of
Initiating Events

A number of important operating modes and leak sequences

have not been covered. These include:

o Accidents at shutdown and low power when the levels
of protection may be degraded.

. Direct leakage pathways from the primary circuit by
means of heat exchanger leaks.

. Loss of electrical services to release mitigation
systems, such as containment energy removal and post
accident monitoring systems.

Response: As is standard practice, preliminary PSA covers
only start up and power operation modes. However, analysis
of low power events will be provided.

Direct leakage pathways from the primary circuit by means
of heat exchanger leaks are considered in Chapter 16,
Section 16.11 of the PSAR.

Release mitigation systems such as containment energy
removal and post accident monitoring are supplied by
standby Diesel generators, with very low failure frequency.

PSA.46.

3.3.1and 3.3.2
Reactivity

Transients A1 and
A2

Both transients include the uncontrolled
extraction of a single control rod, either
during reactor Start-up or in normal
operation. The transient is a ramp and not a
step, since rod assumed driven out at
maximum velocity.

There is no consideration of a sudden ejection of a control
rod (step change) or the removal of the whole bank of rods
simultaneously. The design is claimed to make these
sequences incredible, but this needs detail justification for
all operating modes of the reactor.
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Response: The design of the Control Rods and their Guide
Boxes ensures that the flow of coolant over them cannot lead
to the ejection of a Control Rod even in the event of a shaft
failure. See Section 5.4.

Bank withdrawal of Control Rods is prevented by
independent hardwired devices. The probability of their
failure is less than 10 per year, rendering the likelihood of
the sequence beyond the design basis. The interlock and
hardwired devices are operative at low power and full power
operation modes.

PSA.47.

3.3.3t03.3.7.
Loss of Flow
Events (LOFA)

Five events are described covering: core
bypass, loss of power supply, primary pump
failure, primary isolation valve closure, and
fuel channel local blockage.

The treatment of LOFAs is satisfactory. An important issue
is the confidence that can be placed in the thermal hydraulic
regime in the core should the FSS fail , and reliance is
placed on the SSS to shutdown the reactor (refer to Ch.16 of
the PSAR and its supporting documents).

Response: In Chapter 16 of the PSAR, loss of flow events
are analysed with failure of the FSS. The resulting
temperatures are below saturation so the thermal-hydraulic
regime is the same as during power operation. Not
withstanding this the correlations and models used for
conditions above saturation are considered to be appropriate.
ANSTO will perform an independent review of these
analyses.

PSA.48.

3.3.8t03.3.10
Loss of Coolant

Accidents
(LOCA)

Three events describe LOCASs in the; primary
circuit upstream of the primary pump,
primary circuit downstream of primary pump,
and pipe rupture in the pool cooling system.

Major failures of the penetration system leading to LOCAs
have been screened out. These are generally below the core,
and depend on other design features such as the Control Rod
Room integrity to prevent draining the core. Justification for
this is required.
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Response: See response to Question PSA.24.
PSA.49. 3.3.11. Loss of This represents a total loss of heat extraction | The SCW is not an ESF and is designed as a Safety
Heat Sink by the secondary cooling water (SCW). Category 2 system. Its failure should be anticipated beyond
SL-1 seismic events.
Response: Yes, the SCW is not an ESF. However, the
Secondary Cooling System equipment and piping for long
term pool cooling is Seismic Class 1 (Ref Chapter 2, Table
2.5/2 of the PSAR). Failure at the SSE would have a very
low probability. Failure probability even up to extreme
events at 0.8 g would be about 50%.
PSA.50. 3.3.12t03.3.14 Three sequences are described involving Only mechanical damage considered from dropped loads
Fuel Assembly damage in the service pool, reactor pool and | etc. There is no consideration of uncontrolled criticality
Mechanical while in transit . from dropped loads or from spillage from storage racks.
Damage
Response: Please see responses to Questions PSA.28 and
PSA.29.
PSA.S1. 3.3.19 Seismic A seismic event is assumed to result in loss of | The seismic contribution to LOCA and LOFA could be
Event mains power, mains water, the LHSTC water | important for events beyond the SL-2 for which Safety
tower. The RRR does not depend on these Category 1 systems are designed. There are also some
services to remove decay heat common cause failure considerations with respect to the FSS
and SSS in very large seismic events.
Response: Please see response to Question PSA.33
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PSA.52.

3.4 Evaluation of
Initiating Event
Frequencies

For estimating the initiating event frequencies
it is assumed the reactor operates for 33 days,
with 2 days shutdown.

The operating cycle means there is very little time for
maintenance (22 days per year) and fuel change operations.
The 33 days operation could have some implications on the
fuel loading (eg need for burnable poisons). This suggests
that consideration of transients should be at the beginning of
the cycle (BOC), with FSS minimum absorption capability
(assuming maximum control rod burn-up).

Response; The failure at start up means no xenon poisoning
and hence, the minimum reactivity inventory in the control
plates in that position. The fuel incorporates burnable poison

PSA.53.

3.4.2 Failure
Models and
Identifiers

Failures are consider to occur in a “failure on
demand mode” and failures  in a non
demand mode”. (see Table 3/3)

The failures in the non-demand mode presumably mean that
they are not revealed until a test or real demand. The test
interval could thus be an important factor in establishing
SSC reliability and performance.

Response: The non-demand failure mode is applied to
events where the failure probability over a mission time
needs to be estimated. That is the case, for example, to
estimate many of the IE frequencies. The mission times
used were the annual operating times of the pumps and fans
as given in Table 3/2 of the PSA. These items are operating
items not stand-by items which were modelled either by

e "on-demand" failure probability, or
e unrevealed" failures with appropriate test intervals
(tau).

Nevertheless, it is recognised that test intervals will be an
important factor in establishing safety system reliability and
performance.

Checked/Agreed:

PSAR Annex A PSA page 34 of 82




ARPANSA Regulatory Assessment of the Replacement Reactor Construction Application

28 August 2001- Reactive Review Questions and Issues

PSAR Appendix A PSA

Question Section number and . ARPANSA Comment, Issue and/or Question and
reference name Topic ANSTO’s Response
PSA.54. 3.4.3 Erroneous The start up period lasts 10 hours and planned | The failure rate is based on planned start-ups only and does
Withdrawal of a start-ups occur 11 times a year. The reactor is | not seem to include trip recovery situations. It is also based
Control Rod on natural circulation at the beginning of on generic information( IAEA TECdoc-478-p118) and a
during Start-up— | start-up. The assumption is that the heaviest quoted failure rate of 9.7*10® per hour. The validity of these
Al rod (4000pcm) is withdrawn at the maximum | assumptions needs independent checking and comparison
speed (20 pcm/sec). Both the FSS (FRPS) an | with similar reactors.
SSS (SRPS) detect the high neutron flux. The
mean annual failure probability is estimated
as 5.3*107 per year.
Response: This will be reviewed in the FSAR stage. It is
not expected to make a significant difference to the overall
CDF.
Availability design target and contract specifications require
very low frequency of spurious trips (Design target is less
than 1 per year during normal operation). For example many
nuclear power plants around the world have less than 1
unplanned reactor trip per/year.
PSA.55. 3.4.3 Erroneous The period lasts 8159 hours and planned start- | The only difference between A2 and A1 is the number of

Withdrawal of a
Control Rod
during Normal
Operation—A?2

ups occur 11 times a year. The assumption is
that the heaviest rod (4000pcm) is withdrawn
at the maximum speed (20 pcm/sec). Both the
FSS (FRPS) an SSS (SRPS) detect the high
neutron flux. The mean annual failure
probability is estimated as 8*10 * per year.

hours in these modes (8259 hrs and 110 hrs). It is not clear
why there is a factor of 15 difference between the failure
probability when the time ratio is a factor of 75.
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Response: A further factor of 5 arises because in the "At
power" situation (A2), four of the five rods would be
effectively fully withdrawn. The case is treated
conservatively in that the 5™ rod which is postulated to be
erroneously withdrawn was deemed to have the same worth
as the heaviest absorber, but in reality, it would be the centre
absorber which has a lesser worth.
PSA.56. 3.4.5 Loss of This event consists of a core bypass in the The failure rate is based on 1 *10™'° per hour (8.76 *107 per
Flow—Core part of the PCS which is located inside the year—IAEA TECDOC-478—P158). It appears a value of 9
Bypass—B1 reactor pool, and reduces flow through the times this was actually used The usual value used for pipe
core at full power.. the spurious opening of a | work is closer to 10™to 10™ per year—see HIFAR PSA
flap valve, or PCS pipe failure are suggested | Table 5.4.1. The failure rate assumptions need to be
as reasons. Both the FRPS and SRPS detect justified.
“low core pressure difference” signal to trip
the reactor. The total annual failure
probability is estimated as 7.4%107.
Response: The HIFAR values were based on the Thomas
model and represent a summation over all the pipework.
The data used for the RRR PSA came from accepted IAEA
reports and are based upon lengths of pipe. The total
frequencies of pipe failure for the RRR vary from 0.6 to 1.3
x 10™ per year. There are no inconsistencies between the
two sets of data
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PSA.57.

3.4.6 Loss of Main
Power Supply—
B2

The loss of mains supply is not unexpected.
The annual frequency is taken from the

HIFAR PSA Table8.8 and quoted as 2.83*10

1
per year

The value for loss of offsite power quoted from HIFAR PSA
is based on a sustained loss of off-site power (order of
hours) The value that should be used is for power
interruptions which cause the pumps to trip. The frequency
is 1.89 events per year, or about a factor of 10